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A) This grant supports the core program in planetary astronomy at Caltech under the direction of 
Professors Muhleman, Goldreich, lngersoll and Westphal. The research includes observations in 
the IR, sub-mm, mm and cm wavelengths ’at national and Caltech observatories with a strong 
emphasis on integrating the observations with spacecraft data and with models of atmospheric 
structure, dynamics and chemistry. 
6) Muhleman’s group have made extensive observations at the V U  of Saturn, Uranus and 
Neptune which are being interpreted in terms of deep atmospheric structures which are obvious ir 
the 2 and 6 cm maps of Saturn and Uranus. The microwave measurements are one of the few 
sources of information below the 2 bar level. lngersoll and Dowling (1 988) have used cloud- 
tracked winds derived from Voyager images to infer the winds at cloud base around the Great Ret 
Spot and white oval BC. The method uses the conservation of potential vorticity, which relates 
absolute vorticity (an observable) to the pressure thickness of the cloudy layer. Goldreich is 
investigating the dynamics of narrow rings with postdoctoral fellow, Pierre-Yves Longaretti. Their 
work has focused on the role of collisional stresses on the precession of the rings, since the 
Voyager radio science results imply that the previous model based on the ring’s self-gravity is not I 
the entire story. In addition Borderies, Goldreich and Tremaine have completed an investigation I 
of the dynamics of the Encke division in Saturn’s A ring that is currently being written up. 
C) In the coming year, Goldreich intends to prepare for the encounter of Voyager 2 with Neptune i 
by extending his model of the Neptune arcs and by initiating a study of the dynamics of Neptune’s, 
satellite system. Westphal will begin a Neptune satellite search program with the Planetary Patrol I 
Telescope on Mauna Kea to try to verify Goldreich’s theoretical work. Muhleman and Bruce Betts I 
(a graduate student) have time on the 200-inch to study the IR light curve of the Galilean Satellites1 
to search for correlations with albedo and 3 mm brightness temperatures over the orbits of each. ’ 
lngersoll and students will be extending their vorticity study to other latitudes in Jupiter and 
Saturn’s atmospheres. Also, they will try to settle an 8-year-old controversy over the transfer of : 
momentum bv eddies into (or out of) the zonal iets. Mark Hofstadter and Muhleman will observe I 
i 
I 
Uranus at theVLA at a wavelength of 6 cm. These data (limb darkening curves and latitude 
variations) will make it possible to better explore the chemistry of NH3, H 2 0  and sulfur compounds 
I in the Uranian atmosphere between 1 bar and 10 bars (or more). 
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